Molecular analysis of the acetolactate synthase gene of Chlamydomonas reinhardtii and development of a genetically engineered gene as a dominant selectable marker for genetic transformation.
Genomic and cDNA clones of the acetolactate synthase (ALS) gene of Chlamydomonas reinhardtii have been isolated from a mutant, c85-20 (Hartnett et al., 1987), that is resistant to high concentrations of sulfometuron methyl (SMM) and related sulfonylurea herbicides. Comparison of the ALS gene sequences from the wild-type and the SMM resistant (SMMr) strains revealed two amino acid differences in the mature enzyme, a lysine to threonine change at position 257 (K257T) and a leucine to valine change at position 294 (L294V). Transformation of wild-type C. reinhardtii with the mutant ALS gene produced no transformants with ability to grow in the presence of a minimum toxic concentration of SMM (3 microm). Substitution of the ALS promoter with the promoter of the C. reinhardtii Rubisco small subunit gene (RbcS2) permitted recovery of SMMr colonies. In vitro mutagenesis of the wild-type ALS gene to produce various combinations of mutations (K257T, L294V and W580L) indicated that the K257T mutation was necessary and sufficient to confer the SMMr phenotype. Optimum transformation rates were obtained with two constructs (pJK7 and pRP-ALS) in which all introns in the coding region were present. Rates of transformation with construct pJK7 were approximately 2.5 x 10-4 transformants/cell (i.e. one transformant for each of 4000 initial cells) using electroporation and 8.5 x 10-6 transformants/cell using the glass bead vortexing method. These results suggest that pJK7 and pRP-ALS can serve as important additional dominant selectable markers for the genetic transformation of C. reinhardtii.